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impacts of li^t on myopia
Why are more children suffering from myopia
than was the case TOO years ago? Drs John Phillips,
Simon Backhouse and Andrew Collins, Department
of Optometry and Vision Science, The University of
Auckland, explain:
Many more children suffer from myopia (short-sight) than
was the case 100 years ago; in parts of Asia, over 70% of
children are now myopic and will require some form of
vision correction for life. Although genetics plays a role in
determining whether a child will develop a refractive error
tike myopia, the environment - and in particular the light
falling on the retina - is equally important.
Although myopia was identified more than 2000 years ago
by Aristotle (384-321 BC), there is no cure, and its prevalence
is increasing.The prevalence in New Zealand is estimated
at about 20%.The symptoms of myopia include blurred
distance vision, while near objects are seen clearly. What
causes myopia? Why does it often get worse (progress) but
never get better? Does wearing spectacles make it worse?
Can myopia progression be inhibited? Providing evidence-
based answers to such questions is difficult. A vast literature
on myopia has built up over the years and distinguishing
between myopia-myth and real evidence poses a significant
challenge.
An eye with myopia has grown abnormally large (long).
Because the myopic eye Is too long, the retina is located
behind the focal plane of the optics (Figure 1 b), with the
result that distant objects are seen as blurred. In contrast,
dn eye with hyperopia (long-sight) is 'too short' (Figure 1 c).
It is only when the eye grows so that its length accurately
matches the power of the optics that the eye has no
refractive error and is said to be 'emmetropic'.
Most cases of myopia involve only a moderate enlargement
of the eye, and good vision can be obtained by correcting
the refractive error with spectacles or contact lenses.This
common'or school myopia is an expensive inconvenience
which can limit career and lifestyle choices. However,
about 2% of the population suffer from 'high' myopia, in
which the abnormal expansion of the eye is so great that
the retina and its blood supply become stretched and can
be damaged sufficiently to threaten vision (Figure 2}. In
fact, the abnormal eye enlargement in high myopia is a
significant cause of registered blindness. An understanding
of how normal eye growth is controlled makes an obvious
starting point for understanding what goes wrong in eyes
which develop myopia.
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Figure 2: A fundus photograph (looking into the eye
through the pupil) ofthe back of on eye with high myopia.
The abnormal enlargement of the eye has resulted in
stretching ofthe retinal layers and blood vesseis which
are thinner and straighter than normal. The resultant
retinal atrophy, clearly visible to the left ofthe optic nerve
head but also present elsewhere, leads to permanent
reduction of vision.
An optically driven process controls eye growth
Although the eyes of humans and animals grow in size from
birth to adulthood, they normally remain in focus as they
grow. For this to happen, the increase in the size of the eye
must perfectly match the position ofthe focal plane ofthe
optical components.The focal plane moves progressively
back because the surfaces of the cornea and crystalline
lens become flatter as they grow in size and so their optical
power decreases. One question is whether this match
between the power of the optics and the size of the eye
results from independent but co-ordinated growth of the
different components, or whether an active growth control
(feedback) system ensures that the retina is located in the
focal plane ofthe optics to achieve emmetropia (Figure 1).
Studies of the refractive development of animal eyes have
provided a breakthrough in understanding the mechanisms
controlling development of the human eye, These studies
include raising young animals (e.g.chicks) wearing a small
spectacle lens over one eye, so as to create optical defocus
at the retina (Figure 3). Remarkably, within a few minutes,
in the chick a compensatory response within the eye Is
initiated which, after several days, results in a change in size
of the vitreous chamber of the eye, so as to compensate for
the imposed retinal defocus.
(a) Emmetropic Eye (b) Myopic Eye (c) Hyperopic Eye
Figure 1: In an emmetropic eye (a) the retina is located in the focal plane ofthe eye's optics (cornea and lens) when
accommodation is relaxed. Refractive error results from a mismatch between refractive power and axial length, where the
eye is 'too long'in myopia (b) and is 'too short'in hyperopia (c).
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Figure 3: Inducing myopia with iens wear. A young chick
is raised wearing a smail spectacle lens over one eye
(experimental eye) while the other eye (control eye) views
the world normally. When the lens is initially worn (top
left), the eye is out of focus with the lens in place. After a
few days, both eyes have naturally grown larger. However,
the lens-wearing eye has grown longer (a) than the
control eye so as to compensate for the imposed defocus
with the lens in place. If the lens is now removed the eye is
too long and is myopic.
The change in size of the vitreous chamber is brought
about by a change in the growth rate ofthe sciera {the wall
of the eye). In the chick, compensation is complete
in a few days.This compensatory growth response is bi-
directional. If a minus-powered (-ve) defocusing lens is
worn (which causes the optical image to move behind the
retina (as shown in Figure 3), then the vitreous chamber
grows faster than normal to move the retina backwards
by the amount necessary to bring the eye back into focus
(i.e. achieve emmetropia with the lens in place). In contrast,
wearing a positively powered (+ve) lens (which moves the
image forwards in front of the retina - not shown), results in
a slowing ofthe normal growth of the vitreous chamber. In
this case compensation is achieved because the refractive
surfaces ofthe cornea and lens become flatter (and
consequently less optically powerful) as they grow, and
the image they create naturally moves progressively back
until the image is focussed on the retina.Then the vitreous
growth commences again to maintain emmetropia.
This optically driven 'emmetropisation' process has been
demonstrated in several animal species,from fish to
monkeys.Animals raised wearing either a-i-ve ora-ve
powered lens thus develop either a smaller or larger eye
than normal, Consequently, when the lens is removed, the
treated eye is out of focus; animals which have worn a +ve
lens are hyperopic and those raised with a -ve lens are
myopic in the treated eye. If the animals are still developing
when the lenses are removed, the animals recover from the
induced refractive error by virtue ofthe emmetropisation
process.Surprisingly,emmetropisation isa within-eye
local process. Retinal defocus acts to locally influence
expansion of the sciera by a retina-to-sclera signal and
emmetropisation can still be demonstrated even after the
eye has been isolated from the brain by section of the optic
nerve (Wildsoet, 1997).
Nearwork and myopia
The association between the development of myopia and
the performance of near tasks has been recognised since
the seventeenth century. Because the prevalence of myopia
is now so high in some societies, there is increased interest
in determining the environmental factors which trigger
school myopia.The animal studies described above provide
an explanation for why extended periods of nearwork
may result in enlargement ofthe human eye and the
development of myopia.
Long periods of reading require long periods of
accommodation (focussing of the eye onto a near
near target
Figure 4: Lag of accommodation, (a) An eye fully
accommodating for the target distance in order to bring a
clear image of the near target onto the retina. The ciliary
muscle (black triangles) has contracted and the lens
has increased its optical power (the surfaces are more
rounded), (b) An eye with lag of accommodation: the
image ofthe near target is iocated behind the retina. The
ciliary muscle is less contracted (grey triangles) and the
lens has less optical power.
target), Accommodation requires continued muscular
effort (contraction ofthe ciliary muscle within the eye)
to maintain the increased power ofthe crystalline
lens necessary for reading. It has been suggested that
long periods of close work, like reading, are associated
with a 'lag' of accommodation in which the amount of
accommodation exerted is insufficient to bring the image
ofthe page clearly onto the retina (Figure 4). With a lag of
accommodation, the image is located behind the retina.The
animal studies outlined above would suggest that under
these circumstances, when the image is focussed behind
the retina in a developing eye, the eye will elongate and
become myopic as shown in Figure 3.
Myopia Therapies
There are currently no widely-used therapies for preventing
the development of myopia or slowing its progression in
children. While there is evidence for the control of myopia
progression by optical means (Phillips 2005), attempts
to reduce accommodative lag by prescribing bifocal or
progressive-addition spectacles to children, or by under-
correcting their myopia, seem to be ineffective in most
cases (Gwiazda 2009). Both animal and human studies have
demonstrated that atropine eye-drops prevent abnormal
eye elongation and the progression of myopia, but several
factors have limited their use in practice.The well known
pupil-dilating action of atropine (from the plant Atropa
belladonna) is one of its undesirable side effects because of
the extreme glare experienced when out of doors. Atropine
also paralyses the ciliary muscle ofthe eye making changes
in the eye's focus, e.g. to view near objects, impossible.
Atropine appears to inhibit myopia by some unknown
action in the back of the eye, either on the retina, choroid
or sciera. Because myopia typically develops over several
years, atropine must be used for very long periods if it is
to be effective and the long-term toxicity of atropine on
the ocular tissues is unknown. Moreover, once atropine
is discontinued the abnormal elongation of the eye
recommences.These limitations have severely restricted
the use of atropine eye-drops as a myopia therapy.
Protective effect of outdoor activity
Recent research has found that outdoor activity, and
by association light, may be protective against myopia
development in children.The remainder of this article
outlines the role that these factors may play in refractive
development.
The circadian rhythm, consisting of a cycling between
periods of high and low activity, is a key feature of all
living organisms.The retina not only contains classical
photoreceptors but also intrinsically photo-responsive
retinal ganglion cells (ipRGC) that are not involved in vision.
The ipRGC send signals to the suprachiasmatic nuclei (SCN)
in the brain which contain the mammalian internal clock.
The main role of the SCN is the regulation of the production
of melatonin by the pineal gland. Stimulation of the ipRGC
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by light sends a signal to the SCN, blocking the SCN from
signalling the pineal gland to produce melatonin.At night,
there is no light-inhibition of the SCN, which signals the
pineal gland to produce melatonin. Melatonin suppression
is also dependant on light intensity, with brighter light
leading to greater melatonin suppression.
Melatonin may play a direct role in the control of eye
growth: receptors for melatonin are found throughout the
eye, and melatonin synthesis also occurs in some ocular
tissues. Furthermore, meiatonin has been shown to inhibit
the release of dopamine. Dopamine, a neurotransmitter, has
been shown to be decreased in eyes that are developing
myopia, while introduction of a dopamine agonist to eyes
with experimentally induced myopia stops the myopia
fromdeveloping.Again. light exposure is a key factor,
with dopamine production increasing in the light and
decreasing in the dark. Melatonin and dopamine cycles
are intrinsically linked by light exposure, and may play a
role in the control of eye size and myopia development.
Additionally, both melatonin and dopamine are produced
within the eye, leading to the possibility of a local
control loop which fits with the hypothesis that myopia
development is controlled locally.
g 20000
a
Thu fn Sot Sun Mon Tu«s Wed
day of
10000
Thu Sun Mon
v • ' week
Figure 5: Light levels sampled every 10 seconds for one
week, (a) Readings from a s tationary sensor badge located
outdoors, (b) Typical readings from another sensor badge
worn by a University student during the same period. The
amount of light experienced by this student was a small
fraction of the potentially available amount.
Katherine Rose and her colleagues conducting the Sydney
Myopia Study (Rose, Morgan et al.,2008) have shown that
children who spend greater time outdoors, coupled with
shorter time spent doing nearwork, have less myopia
than children who spend longer time doing nearwork
and less time outdoors. Surprisingly, time spent doing
nearwork itself was found to be a poor predictor of myopia
development.Children doing equal amounts of nearwork
had differing risks of developing myopia depending on
the time they spent outdoors. While this represents a
correlation and not causation, it has been hypothesised that
light received while outside may mediate lower levels of
myopia development. Preliminary investigations from our
laboratory show that university students do indeed receive
very little of the total available light on a daily basis (Figure
5) and we are currently investigating light exposure levels in
school-aged children. Combining the experimental studies
in animals with the human light exposure data suggests
that low light exposure could result in higher melatonin
levels and lower dopamine levels, which may increase
susceptibility to the development of myopia.
Season of birth and myopia
A further recent finding is that season of birth appears to
be correlated with refractive development, introducing the
intriguing possibility that both maternal and Immediate
post-natal light exposure patterns may influence future
refractive development (Mandel, Grotto et al. 2008).
Children born in summer or autumn are more likely to
develop myopia than those born in winter or spring. Again,
light may be the key regulator here.as maternal melatonin
is postulated to control the foetal circadian rhythm.
It may be that our expected level of light exposure, based
on season of birth, is programmed in utero during gestation
or shortly after birth, and that if we do not receive that level
of light exposure in later life, due to time spent indoors, then
this results in a failure of the emmetropisation process. The
question then is which aspects of light have most influence
on refractive development?
Two likely variables are the spectral composition
(wavelength) of the light and its intensity (brightness).
The spectra! composition of light outdoors includes the
visible part of the spectrum (380-760nm), but also contains
largeamountsofultraviolet(UV) and infrared (IR).TheUVand
IR parts of the spectrum are largely absent from the light we
experience indoors. Furthermore, dependant upon the light
bulbs we are using, the visible spectrum indoors is shifted
towards the blue (cool) or red (warm) end of the spectrum.
Light intensity is also significantly different between
indoors and outdoors. Outdoor light intensity is around
50,000 lux on a sunny,blue sky day, while indoors it is
rarely more than 500 lux.The cumulative light exposure
of someone who spends time outdoors is thus very much
greater than someone who spends the same time indoors.
Additionally, preliminary data show that it may be the
change in light intensity (changing from dim light to bright
light) that is most important for melatonin suppression/
dopamine stimulation and experimental myopia
prevention. We are more likely to experience rapid changes
in light intensity outdoors (e.g. walking
from shade into full sun) than indoors, and this may be an
important factor in preventing myopia from developing.
The beneficial effect of fight exposure on childhood myopia
development may promise a simple and cost-effective
option to help manage a disease of increasing prevalence.
But such a proposal is not new and was suggested nearly a
century ago by Fuchs:
The following means are advised to put a stop to the extension
of myopia in schools. First the excess of work which many
scholars have at present to struggle with should be reduced to
the proper standard. The way in which scholars are overtasked,
both in school and at home, is prejudicial not only to the eyes,
but also the child's whole men tal and physical development.
Instruction ought not to begin too early (if possible not before
the completion of the sixth year) and more time should be
allotted to bodily exercise, especially in the open air. than has
hitherto been the case. (Fuchs, Text-book of Ophthalmology.
1919).
Are we finally assembling the evidence to back up Fuchs'
assertions?
For further information contact
John Phillips (j.phiilip5@auckland.ac.nz} or
Simon Backhouse (s.backhouse^auckland.ac.nz)
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rightful status and for Darwin's subtle insights to be fully
appreciated. One obvious limitation in Darwin's writing is
the absence of any mechanism of inheritance.The onset of
the twentieth century saw the emergence of genetics, with
the rediscovery of Mendel's work.
However, far from adopting Darwin's ideas of natural
selection, the geneticists set themselves up in opposition.
They developed theories of mutation that they saw as
countering Darwin's gradualist evolutionary ideas.They saw
mutational pressure, rather than natural selection, as the
driving force for evolutionary change.
This discord with Darwinian Theory is partly due to
the disconnect between the reductionist nature of the
mutationist's laboratory science and the natural history
world of wild populations that sparked Darwin's original
insights. Key to the eventual triumph of natural selection
was a shift to population-based thinking. It was only
when the statistical nature of natural selection was
recognised and put on a sound footing in the first third of
the twentieth century (with the development of Hardy-
Weinberg equilibrium theory and of the working out of the
statistics of population genetics by RA Fisher and others)
that a rapprochement of genetics and natural selection
was possible,The resulting overarching theory of natural
selection, the so-called evolutionary synthesis, was fleshed
out in the decade from 1937, inaugurated by the highly
influential book, Genetics and the Origin of Species, written by
Theodore Dobzhansky.
With the universal adoption of the evolutionary synthesis,
the post World War II era has seen the flowering of
the theory of natural selection in all areas of biology;
phylogenetics has become an ever-present backdrop. Not
only are macroscopic features of organisms organised on
an evolutionary basis, but this approach has now been
extended to microstructures - first to cell structures
and then, with an increased understanding of protein
and DNA structures, to macromolecules. Sequences of
proteins and now whole genomes have been produced
that exquisitely mirror the phylogenetic trees drawn up
from macrostructural homologies - these convergences,
uncovered in the genomic world of the twenty-first century,
are overwhelmingly compelling evidence of the veracity of
Darwin's Theory of natural selection.
With the triumph of the core elements of the theory of
natural selection, scientists have discovered rich veins
of treasure in the subtle details of Darwin's theorizing.
For example, Darwin's ideas about how mate choice can
influence evolution, the theory of sexual selection, that was
introduced briefly in The Origin of Species, is now a major
driving force in research on animal behaviour. Likewise, the
emergence of ecology as a central biological discipline is
rooted firmly in Darwinian insights.
As scientists explore all the ramifications of the theory of
natural selection, they now battle to resolve remaining
conundrums. How much detail can we extract about the
basis of variation in natural populations? And of the nature
of the selection processes that mould evolution - not just
oforganisms, but of ecosystems? If, as Darwin surmised
(and as seems clear from proliferating evidence) all life on
Earth has descended from a common ancestor, then how
did that ancestor arise? Was there evolution before cells? In
short, what were the steps that led to the first cells and at
what point does natural selection start to mould complex
organisms?
Evolutionary theory in other sciences
Darwin's tree of life metaphor has spread its branches
throughout the ecosystem of science and beyond. As
Newton's physical theories held sway in their scientific
domain, Darwin's population-based theory is an exemplar
for the analysis of complex systems and for understanding
the emergence of order. Some areas that have grasped
the Darwinian nettle, such as the evolutionary analysis of
language, would not have surprised him. It is the creative
power of natural selection that also holds promise as a
source of scientific and technological innovation, Darwin's
insights have permeated fields as diverse as computer
programing, the generation of new Pharmaceuticals,
psychology,and economics. Darwin is not going away in a
hurry.
For further information contact:
andy.pratt@canterbury.ac.nz
Bibliography: reading Darwin and other treats.
It is to our lasting benefit that Darwin wrote his ideas in
accessible popular science books. It Is marvellous that
everyone can freely access Darwin's great books on the
Web. Janet Browne has written an historical overview of
The Origin of Species (Darwin's Origin of Species: a biography)
that complements her extensive two-volume biography of
(Darwin: Voyaging and Darwin: The Power of Place); together
with the earlier biography by Desmond and Moore [Darwin)
are key resources for understanding Darwin's work, and
have underpinned much ofthis article; as have the writings
of Ernst Mayr (The Growth of Biological Thought), one of the
founders of the evolutionary synthesis.
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